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20.  Abstract 

Pursuant  to  Public  Law  92-367,  Phase  I  Inspection  Reports  are  prepared 
under  guidance  contained  in  the  recommended  guidelines  for  safety 
inspection  of  dams,  published  by  the  Office  of  Chief  of  Engineers, 
Washington,  D.  C.  20314.  The  purpose  of  a  Phase  I  investigation  is 
to  identify  expeditiously  those  dams  which  may  pose  hazards  to  human 
life  or  property.  The  assessment  of  the  general  conditions  of  the  dam 
is  based  upon  available  data  and  visual  inspections.  Detailed 
investigation  and  analyses  involving  topographic  mapping,  subsurface 
investigations,  testing,  and  detailed  computational  evaluations  are 
beyond  the  scope  of  a  Phase  I  investigation;  however,  the 
investigation  is  intended  to  identify  any  need  for  such  studies. 


Based  upon  the  field  conditions  at  the  time  of  the  field  inspection 
and  all  available  engineering  data,  the  Phase  I  report  addresses  the 
hydraulic,  hydrologic,  geologic,  geotechnic,  and  structural  aspects  of 
the  dam.  The  engineering  techniques  employed  give  a  reasonably 
accurate  assessment  of  the  conditions  of  the  dam.  It  should  be 
realized  that  certain  engineering  aspects  cannot  be  fully  analyzed 
during  a  Phase  I  inspection.  Assessment  and  remedial  measures  in  the 
report  include  the  requirements  of  additional  indepth  study  when 
necessary.,-. 

Phase  I  reports  include  project  information  of  the  dam  and 
appurtenances,  all  existing  engineering  data,  operational  procedures, 
hydraulie/hydrolqgic  data  of  the  watershed,  dam  stability,  visual 
-inspection  report  and  an  assessment  including  required  remedial 
measures. 
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PREFACE 


This  report  is  prepared  under  guidance  contained  in  the  Recommended 
Guidelines  for  Safety  Inspection  of  Dams,  for  Phase  I  Investigations. 
Copies  of  these  guidelines  may  be  obtained  from  the  Office  of  the  Chief 
of  Engineers,  Washington,  D.C.  20314.  The  purpose  of  a  Phase  I  invest i- 
ion  is  to  identify  expeditiously  those  dams  which  may  pose  hazards  to 
human  life  or  property.  The  assessment  of  the  general  condition  of  the 
dam  is  based  upon  available  data  and  visual  inspections.  Detailed  in¬ 
vestigation  and  analyses  involving  topographic  mapping,  subsurface 
investigations  testing,  and  detailed  computational  evaluations  are  beyond 
the  scope  of  a  Phase  I  investigation;  however,  the  investigation  is 
intended  to  identify  any  need  for  such  studies. 

In  reviewing  this  report,  it  should  be  realized  that  the  reported 
condition  of  the  dam  is  based  on  observations  of  field  conditions  at  the 
time  of  inspection  along  with  datA  available  to  the  inspection  tram.  In 
cases  where  the  reservoir  was  lowered  or  drained  prior  to  inspection,  such 
action,  while  improving  the  stability  and  safety  of  the  dam,  removes  the 
normal  load  on  the  structure  and  may  obscure  certain  conditions  which 
might  otherwise  be  detectable  if  inspected  under  the  normal  operating 
environment  of  the  structure. 

It  is  important  to  note  that  the  condition  of  a  dam  depends  on 
numerous  and  constantly  changing  internal  and  external  conditions,  and  is 
evolutionary  in  nature.  It  would  be  incorrect  to  assume  that  the  present 
condition  of  the  dam  will  continue  to  represent  the  condition  of  the  dam 
at  some  point  in  the  future.  Only  through  continued  care  and  inspection 
can  there  be  any  chance  that  unsafe  conditions  be  detected. 

Phase  1  inspections  are  not  intended  to  provide  detailed  hydrologic 
and  hydraulic  analyses.  In  accordance  with  the  established  guidelines, 
the  spillway  design  llood  is  based  on  the  estimated  "Probable  Maximum 
Flood"  for  the  region  (flood  discharges  that  may  be  expected  from  the 
most  severe  combination  of  critical  meteorologic  and  hydrologic  conditions 
that  are  reasonably  possible),  or  fractions  thereof.  Because  of  the 
magnitude  and  rarity  of  such  a  storm  event,  a  finding  that  a  spillway 
will  not  pass  the  design  flood  should  not  be  interpreted  as  necessarily 
posing  a  highly  inadequate  condition.  The  design  flood  provides  a 
measure  of  relative  spillway  capacity  and  serves  as  an  aide  in 
determining  the  need  for  more  detailed  hydrologic  and  hydraulic  studies, 
considering  the  size  of  the  dam,  its  general  condition  and  the  downstream 
damage  potential. 


PHARE  T  REPORT 
NATIONAL  DAM  SAFETY  PROGRAM 


BRIEF  ASSESSMENT  OF  DAM 


Name  of  Dam: 
State: 

County: 

UROS  Quad  Sheet: 


Stream: 

Date  of  Inspection: 


Lake  Burnt  Mills  Dam 
Virginia 

City  of  Suffolk  (formerly  Nansemond  County) 
Windsor,  Virginia 

Great  Swamp:  Western  Branch  of  Nansemond  River 
May  7,  1979 


Lake  Burnt  Mills  Dam  is  an  earthfill  structure  1,735  feet  long  and  40 
foot  high.  Thi>  dam  Is  owned  and  operated  hv  the  Clfv  of  Norfolk,  Vir¬ 
ginia.  The  dam  Is  classified  ns  intermediate  in  size  with  a  high 
hazard  classif ication.  The  spillwav  is  a  semi-circular  concrete  struc¬ 
ture  with  a  crest  elevation  of  35.0. 

Based  on  criteria  established  bv  the  Department  of  the  Army,  Office  of 
the  Chief  of  Engineers  (OCE)  the  spillway  is  rated  as  seriously  inade¬ 
quate,  unsnf e-non-emergency.  The  spillway  will  pass  26%  of  the  Spillway 
Design  Flood  (RDF)  without  overtopping  the  dam.  The  PMF,  which  is  the 
SDF,  will  overtop  the  dam  bv  3.0  feet  for  17  hours  with  an  average 
critical  velocity  of  7.9  feet  per  second. 


It  is  recommended  that  within  two  months  from  the  date  of  notification 
to  the  Governor  of  the  Commonwealth  of  Virginia,  the  owner  engage  the 
services  of  a  professional  consultant  to: 

a.  Determine  bv  more  sonhisticated  methods  and  procedures  the 
adequacy  of  the  spillway.  The  study  should  include  a  more 
detailed  studv  of  the  downstream  flood  plain  and  of  the  Spill¬ 
wav  Design  Flood  apnropriate  to  this  dam.  Remedial  measures 
to  be  considered  include  modification  to  the  dam,  spillway, 
flood  plain,  and/or  any  other  method  of  eliminating  the  dan¬ 
ger  imposed  by  the  project. 

b.  Determine  whether  the  stability  conditions  and  the  safety 
margins  satisfy  the  requirements  and  guidelines  given  in 
Reference  1,  Appendix  VI. 

Within  six  months  of  the  notification  to  the  Governor,  the  professional 
consultants  report  of  appropriate  remedial  mitigating  measures  should 
have  been  completed  and  the  owner  should  have  an  agreement  with  the 
Commonwealth  of  Virginia  to  a  reasonable  time  frame  in  which  all  reme¬ 
dial  measures  will  be  complete.  In  the  interim,  a  detailed  emergency 
operation  plan  and  warning  system  should  be  promptly  developed.  Also 
during  periods  of  unusnllv  heavy  precipitation,  around-the-clock  aur- 
viellance  should  be  provided. 
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SECTION  1 


PROJECT  INFORMATION 


1 . 1  General  : 

1.1.1  Authority:  Public  Law  92-367,  8  Aug  72  authorized  the 
Secretary  of  the  Army,  through  the  Corps  of  Engineers  to  initiate  a 
national  program  of  safety  inspections  of  dams  throughout  the  United 
States.  The  Norfolk  District  has  been  assigned  the  responsibility  of 
supervising  the  inspection  of  dams  in  the  Commonwealth  of  Virginia. 

1.1.2  Purpose  of  Inspection:  The  purpose  is  to  conduct  a  Phase  I 
inspection  according  to  the  Recommended  Culdelines  for  Safety  Inspec- 
Hon  of  Dams,  Appendix  VI,  Reference  1.)  The  main  responsibility  is  tc 
expeditiously  Identify  those  dams  which  may  be  a  potential  hazard  to 
human  life  or  property. 

1 . 2  ProJ e c  t  De  sc  ri pt i on : 

1.2.1  Dam  and  Appurtenances:  Lake  Burnt  Mills  Dam  is  a  homo¬ 
geneous  earth  embankment  14  feet  wide  at  the  top  and  40  feet  high  from 
the  top  of  the  dam  at  elevation  40  to  the  toe  of  the  downstream  slope 
at  elevation  0.0.  The  length  of  the  dam  is  1,735  feet.  The  upstream 
slope  has  a  2(H):1(V)  slope  with  an  8-inch  concrete  slab  from  the  toe 
wall  to  the  top  of  the  dam.  The  downstream  slope  is  1.5(H):1(V). 

A  170-foot  semi-circular  concrete  spillway  is  located  near  the  center 
of  the  dam  and  has  a  crest  at  elevation  35  and  an  ogee  type  spillway 
surface.  The  discharge  channel  is  103  feet  wide  with  concrete  sides  9 
feet  high. 

The  riser  tower,  connected  to  the  top  of  the  dam  by  a  pedestrian  bridge, 
has  the  manual  control  for  the  sluice  gate  for  the  36-inch  diameter 
pipe  at  elevation  0.0Q. 

1.2.2  Location:  Lake  Burnt  Mills  Dam  is  located  3.3  miles  South¬ 
east  of  Chuckatuck,  Virginia,  along  State  Route  603  at  Everets  in  the 
City  of  Suffolk. 

1.2.3  Size  Classification:  Burnt  Mills  Dam  is  classified  as  inter 
mediate  due  to  a  height  of  40  feet  and  is  intermediate  by  a  storage  capa 
city  of  11,110  acre  feet. 

1.2.4  Hazard  Class! f icatlon:  This  dam  is  located  about  600  feet 
upstream  from  Everets,  Virginia,  at  the  intersection  of  State  Route  603 
and  State  Route  602,  where  16  houses  are  located.  This  dam  is  in  the 
high  hazard  classification  in  accordance  with  Section  2.1.2  of  the  Re¬ 
commended  Guidelines  for  Safety  Inspection  of  Dams,  published  by  the 
Department  of  the  Army,  Office  of  the  Chief  of  Engineers.  The  hazard 
classification  used  to  categorize  the  dams  is  a  function  of  the  location 
only  and  has  nothing  to  do  with  its  stability  or  probability  of  failure. 


1.2.5  Ownership:  City  of  Norfolk,  Virginia,  Division  of  Utilities 


1.2.6  Purpose  of  Dam:  The  clam  creates  the  Lake  Burnt  Mills  Reser¬ 
voir  used  as  a  water  source  for  the  City  of  Norfolk  treatment  plant. 
Boating  and  fishing  is  permitted. 

1.2.7  Design  and  Construction  History:  The  dam  was  designed  by  the 
Office  of  the  Director  of  Public  Works,  Citv  of  Norfolk,  dated  April  1942. 
There  is  no  information  on  the  construction  such  as  photographs  or  tests. 

1.2.8  Normal  Operating  Procedures:  In  times  of  high  water,  the 
spillwav  overflow  water  automatical ly  adds  to  the  Western  Branch  Reser¬ 
voir.  Wien  Lake  Burnt  Mills  is  helow  spillway  pool  elevation,  water 
can  he  released  by  manual  operation  of  the  valve.  This  is  operated 
many  times  throughout  the  year  to  assure  adequate  water  for  treatment. 

1.3  Pertinent  Data: 

1.3.1  Drainage  Area:  The  dam  controls  a  drainage  area  of  25.29 
square  miles. 

1.3.2  Discharge  at  Dam  Site: 

Maximum  Flood  -  Unknown 
Spil lway 

pool  level  at  top  of  dam  . . 6,270  c.f.s. 

1.3.3  Dam  and  Reservoir  Data:  Pertinent  data  on  the  dam  and 
reservoir  are  shown  in  the  following  table: 


Table  1.1  DAM  AND  RESERVOIR  DATA 


Reservoir 


Elevation 

feet 

Area, 

Acre, 

Caoacitv 

Watershed, 

Length 

Item 

m. s. 1. 

acres 

feet 

inches 

miles 

Top  of  Dam 

40 

869 

11,110 

8.2 

6.3 

Spillway  Crest 

35 

596 

7,449 

5.5 

4.4 

Streambed  at  the 

toe  of  the  dam  0+ 


fc 


SECTION  2 


ENGINEERING  DATA 

2.1  Desijgn:  PI  mis  are  on  f  1 1  o  In  the  offices  of  the  City  of 
Norfolk,  Division  of  Utilities.  The  plans  which  show  the  general 
plan,  spillway  details  and  embankment  cross  section  are  In  Appendix  I. 
Original  structural  design  calculations  were  not  available. 

*2.2.1  Geologic  Setting  of  the  Dam  Site:  Physlographical ly ,  the 
dam  Is  located  In  the  Coastal  Plain  Province.  The  geologic  formations 
at  the  site  consists  of  the  Windsor,  Sedley,  and  Yorktown  formations 
of  Pleistocene  to  Miocene  geologic  age.  The  Windsor  formation  Is  the 
chief  surflclal  unit  exposed  In  the  area  surrounding  the  site  of  the 
dam.  Tills  formation  unconform.ihly  overlies  erosional  remnants  of  the 
Sedley  formation  and  in  areas  where  the  underlying  formations  have 
been  removed  by  erosion,  the  Windsor  overlies  the  Yorktown  formation. 

The  lower  member  of  the  Windsor  typically  consists  of  medium  to  coarse 
sand  and  rounded  fine  gravel,  with  silt  and  clay  content,  increasing 
upward  In  the  member.  The  upper  member  typically  consists  of  silty 
clay,  all  tv  sand  and  clayey  sand. 

The  Sedley  formation  consists  of  marine  and  estuarine  silt,  clay  and 
fine  sand  deposits  which  overlie  the  Yorktown  formation.  The  contact 
between  the  Sedley  and  underlying  Yorktown  formation  is  normally  ir¬ 
regular.  Relief  of  up  to  25  feet  has  been  observed  in  exposures  along 
the  James  and  Pagan  Rivers  several  miles  north  of  the  site. 

The  Yorktown  formation  consists  of  marine  sand,  clay  and  broken  shell 
material.  Soils  of  this  formation  tend  to  be  more  compact  than  those 
of  the  overlying  Sedley  formation.  In  general,  the  upper  part  of  the 
Yorktown  formation  ranges  from  fossi 1 ferous  clayey  sand  and  clay  to 
coquina  (a  limestone  typically  formed  from  broken  shells,  coral  and 
organic  debris)  found  .in  areas  east  of  the  site.  It  is  within  this 
marl  formation  that  construction  plans  indicate  cutoff  walls  for  the  dam 
were  to  be  found. 

*2.2.2  Geologic  Investigations:  Soil  test  borings  have  been 
drilled  at  the  site  in  conduction  with  its  original  construction, 
according  to  the  construction  specifications  enclosed  in  Appendix  V. 
These  borings  were  drilled  by  the  City  of  Norfolk.  The  information 
obtained,  from  these  borings  was  compiled  by  the  city  in  the  form  of 
a  profile,  however  this  information  is  not  available.  Plate  No.  1  in 
Appendix  I  does  show  the  elevation  of  the  surface  of  "blue  Marl"  as 
indicated  by  the  borings  drilled  at  various  locations  surrounding  the 
spillway. 


♦Information  provided  by  I.aw  Engineering  Associates  of  Virginia 


*2.2.3  Foundation;  Original  construction  plans  and  specifications 
are  shown  in  Appendices  I  and  V.  The  plans  and  specifications  called 
for  excavation  of  existing  mud  in  the  proposed  embankment  area  down  to 
the  underlying  sand  stratum.  The  excavation  was  to  have  a  maximum  width 
of  100  feet  and  the  angle  of  the  slope  of  the  exposed  mud  at  the  two 
sides  of  the  prism  formed,  was  to  be  the  natural  angle  of  slope  assumed 
by  the  mud  after  the  base  of  the  prism  was  excavated  to  its  full  depth. 

Excavation  in  the  spillway  area  was  planned  to  go  down  to  the  "blue 
clay  or  so  called  marl". 

Specifications  generally  called  for  embankment  fill  to  consist  of  a 
sandy  soil  up  to  elevation  0  m.s.l.  and  a  sandy  clay  for  the  remainder 
of  the  embankment.  Specifications  for  fill  placement  are  enclosed  in 
Appendix  V. 

2.2.4  Embamkment :  Specifications  generally  called  for  embank¬ 
ment  fill  to  consist  of  a  sandy  soil  un  to  elevation  0  m.s.l.  and  a 
sandy  clay  for  the  remainder  of  the  embankment.  Specifications  for 
fill  placement  are  enclosed  in  Appendix  V.  Excavation  in  the  spill¬ 
way  area  was  olanned  to  go  down  to  the  "blue  clav  or  so  called  marl" 
(Yorktown  Formation.) 

Construction  plans  (Plate  3)  show  the  location  of  a  steel  sheet 
pile  wall.  The  interlocking  sheet  piles  were  to  be  driven  two  feet 
into  "Marl"  and  were  to  serve  as  a  water  barrier. 

2.3  Construction:  Construction  records  were  not  available. 

2.4  Eva tun t ion:  The  plans  show  the  design  for  construction  and 
the  calculations  are  limited  in  scope.  No  construction  information  is 
available. 


♦Information  provided  by  Law  Engineering  Associates  of  Virginia. 


SECTION  3 


VISUAL  INSPECTIONS 


3.1  Findings: 

3.1.1  General:  The  results  of  the  7  May  1979  Inspection  are 
recorded  in  Appendix  III.  At  that  time  the  pool  elevation  was  35.0  feet 
m.s.l.  which  is  normal.  There  are  no  known  past  inspection  reports 
available. 


3.1.2  Dam:  The  downstream  slope  of  the  dam  right  of  the  spill¬ 
way  is  heavily  overgrown  with  vegetation,  consisting  primarily  of  small 
shrubs  and  grass.  However,  at  the  toe  of  the  slope  a  large  number  of 
6-18  inch  trees  exist.  The  downstream  slope  is  relatively  steep,  1.5(H): 
1(V);  however,  no  bulging  of  the  slope  or  tilting  trees  at  the  base  of 
the  dam  was  observed.  No  erosion,  sloughing,  or  misalignment  were  ob¬ 
served.  The  concrete  slab  on  the  upstream  face  of  the  dam  adjacent  to 
the  right  endwall  of  the  spillway  showed  a  2-3  inch  settlement. 

3.1.3  Spillway:  Hair  line  cracks  were  also  found  in  the  spillway. 


3.1.4  Appurtenant  Structures:  The  visual  inspection  revealed  hair 
line  cracks  to  the  right  of  the  concrete  spillway  in  the  abutment  walls 
and  spalling  in  the  outlet  concrete. 

3.2  Evaluation:  Overall  the  dam  appears  to  be  in  good  condition. 
However,  all  the  heavy  vegetation,  brush  and  root  systems  should  be 
removed  from  the  embankment.  All  subsequent  holes  should  he  dressed 
with  compacted  fill  and  seeded.  The  cracks  in  the  spillway  and  the 
settlement  of  the  concrete  slab  should  be  monitored  during  periodic, 
inspection. 


SECTION  4 


OPERATIONAL  PROCEDURES 

4.1  Procedure:  The  normal  operation  Is  limited  to  control  of  the 
discharge  when  water  Is  below  spillway  pool  elevation.  Otherwise,  flows 
will  pass  automatically  through  the  spillway. 

4.2  Maintenance:  Maintenance  such  as  mowing  and  painting  are 
handled  by  the  Public  Works  Department.  Any  other  maintenance  such  as 
treatment  of  the  spillway  surface  is  done  by  contract. 

4.3  Warning  System:  There  is  no  warning  system  established  for 
use  in  case  of  emergency. 

4.4  Evaluation:  Extensive  operational  procedures  are  not  neces¬ 
sary  for  this  dam  since  its  function  is  storage  to  be  used  only  when 
needed.  Records  of  any  operation  of  adding  water  to  the  treatment  sys¬ 
tem  are  refelected  in  records  of  water  pumped  from  the  lower  lake.  An 
annual  maintenance  and  inspection  program  should  be  initiated  to  help 
detect  and  control  problems  that  may  occur. 
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SECTION  5 

HYDRAULIC/HYDROLOGIC  DATA 

5 . 1  Design; 

a)  Norfolk  Water  Department  Construction  Plans  from  Director 
of  Public  Works,  Norfolk,  Virginia,  dated  April  1942. 

b)  Computation  sheets  from  Department  of  Public  Works,  City 
of  Norfolk,  dated  May  1941. 

The  computation  sheets  show  the  spillway  design. 

5.2  Hydrologic  Data:  None  were  available. 

5.3  Flood  Experience;  The  maximum  pool  level  which  has  occurred 
is  estimated  at  0.5  foot  over  the  spillway. 

5.4  Flood  Potential:  The  PMF  and  1/2  PMF  were  developed  and  routed 
through  the  reservoir  by  use  of  the  HEC-1  Computer  program  (Reference  2, 
Appendix  VI),  and  appropriate  unit  hydrograph,  precipitation,  and  storage- 
outflow  data.  Clark’s  Tc  and  R  coefficients  for  the  local  drainage  area 
were  estimated  from  basin  characteristics.  The  rainfall  applied  to  the 
developed  unit  hydrograph  was  obtained  from  a  U  S  Weather  Bureau  Publica¬ 
tion  (Reference  3,  Appendix  VI).  Losses  were  estimated  at  an  initial 
loss  of  1.0  inch  and  a  constant  loss  thereafter  of  0.05  inch/hour. 

5.5  Reservoir  Regulation:  Pertinent  dam  and  reservoir  data  are 
shown  in  Table  1.1. 

Water  Is  passed  from  Lake  Burnt  Mills  to  Western  Branch  Reservoir  during 
high  water  demand  periods.  A  36-inch  pipeline  from  a  water  intake  tower 
in  the  Lake  Burnt  Mills  runs  through  the  dam  to  the  Western  Branch  Reser¬ 
voir.  Water  also  flows  past  the  dam  over  the  spillway  in  the  event  water 
in  the  reservoir  rises  above  elevation  35.0. 

The  storage  curve  above  the  spillway  crest  was  calculated  by  use  of  U  S 
Geological  Survey  Ouandrangle  Maps.  Rating  curves  were  developed  for 
the  spillway  and  non-overflow  section  of  the  dam.  In  routing  hydro- 
graphs  through  the  reservoir,  it  was  assumed  that  the  initial  pool  level 
was  at  the  spillway  crest.  Plow  through  (lie  36-Inch  pipe  to  Western 
Branch  Reservoir  was  neglected  during  routing. 

5.6  Pyertoppin^  Potential t  The  probable  rise  of  the  reservoir  nnd 
other  pertinent  information  on  reservoir  performance  is  shown  in  table  5.1. 
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Table  5.1  RESERVOIR  PERFORMANCE 


Item 

Normal  flow 

Hydrograph 

1/2  PMF  PMF  (c) 

Peak  flow,  c.f.s. 

Inflow 

3 

18,743 

37,486 

Outflow 

— 

17,447 

36,290 

Maximum  Elevation 

feet,  m.s.l. 

41.5 

43.0 

Spillway  (elevation  35.0) 

Depth  of  flow,  feet  (a) 

4.5 

5.6 

Velocity,  f.p.s.  (b) 

• 

12.1 

13.4 

Non-overflow  section  (elevation  40.0) 

Depth  of  flow,  ft.  (a) 

1.0 

1.9 

Duration,  hours 

11 

17.0 

Velocity,  f.p.s.  (b) 

5.6 

7.9 

Tallwater  elevation. 

feet,  m.s.l.  (d) 

19± 

28.4+ 

31.4+ 

(a)  Critical  depth. 


(b)  Velocity  at  critical  depth. 


(c)  The  PMF  is  an  estimate  of  flood  discharge  that  may  be  expected  from 
the  most  severe  combination  of  critical  meteorologic  and  hydrologic 
conditions  that  are  reasonable  possible  in  the  region. 

(d)  Pool  level  in  Western  Branch  Reservoir. 

5.7  Reservoir  Emptying  Potential:  Two  sluice  gates  at  intake 
tower  with  one  having  a  36-inch  x  36-inch  opening  at  elevation  23.3 
and  another  having  a  36-inch  diameter  opening  at  elevation  0.0  are 
available  for  dewatering  the  reservoir.  The  gates  along  with  a  36- 
inch  diameter  pipe  will  permit  withdrawal  of  about  175  c.f.s.  with 
the  reservoir  at  the  crest  of  the  spillway  and  essentially  dewater  the 
reservoir  in  about  AO  days.  With  the  downstream  reservoir.  Western 
Branch,  at  the  normal  water  elevation  (10.0),  Lake  Burnt  Mills  can 
only  be  lowered  to  the  same  elevation. 


5.8  Evaluation:  Based  on  the  size  (intermediate)  and  hazard  classifi 
cation  (high),  the  recommended  Spillway  Design  Flood  is  PMF.  The  spill¬ 
way  will  pass  26%  of  the  PMF  without  overtopping  the  dam.  The  PMF  will 
overtop  the  dam  for  17  hours  and  reach  a  maximum  of  3  feet  over  the  top 
of  the  dam,  with  an  average  critical  velocity  of  7.9  feet  per  second. 


Conslusions  pertain  to  present  day  conditions.  The  effect  of  future 
development  on  the  hydrology  has  not  been  considered. 


SECTION  6 

STRUCTURAL  STABILITY 

6.1  Foundations  and  Abutments:  The  plans  and  specifications 
called  for  excavation  of  existing  mud  In  the  underlying  sand  stratum. 

The  excavation  was  to  have  a  maximum  width  of  100  feet  and  the  angle 
of  the  slope  of  the  exposed  mud  at  the  two  sides  of  the  prism  formed, 
was  to  be  the  natural  angle  of  slope  assumed  by  the  mud. 

Excavation  in  the  spillway  area  was  planned  to  extend  to  the  marl 
stratum.  The  term  is  often  used  to  describe  the  more  compact  mixtures 
of  clay,  sand  and  shells  found  at  the  site,  which  belong  to  the  York- 
town  formation.  It  Is  within  this  marl  formation  that  construction 
plans  indicate  cutoff  walls  for  the  dam  to  be  founded.  The  soil  con¬ 
taining  the  largest  proportion  of  sand  will  be  selected  for  the  re¬ 
fill  below  elevation  0. 

6.2  Embankment :  Lake  Burnt  Mills  Dam  is  an  earthfill  embankment 
1,735  feet  long,  14  feet  wide  at  the  top  and  40  feet  high.  The  upstream 
slope  has  a  2(H) :1(V)  slope  with  an  8-inch  concrete  slab  from  the  toe 
wall  to  the  top  of  the  dam.  The  downstream  slope  Is  1.5(H):1(V). 

The  specifications  indicate  that  the  embankment  was  to  be  constructed 
of  soils  having  less  sand  and  more  clav  in  their  makeun.  No  soil  having 
an  objectionable  amount  of  roots  or  other  vegetable  matter  was  to  be 
used  for  any  permenant  part  of  the  embankment.  The  earth  selected  for 
the  embankment  was  to  be  spread  in  even  layers  of  such  thickness  that 
after  compacting  as  required  they  should  be  six  inches  thick.  Compacting 
was  to  be  accomplished  with  approved  rollers  having  grooved,  banded  or 
lugged  rolls.  Tn  order  to  allow  for  shrinkage,  the  embankment  was 
built  no  more  than  2  feet  above  elevation  30  at  any  point.  Steel  sheet 
piling  were  driven  2  feet  into  the  marl  after  fill  was  made.  The  steel 
sheet  piling  were  used  as  foundation  to  prevent  settling  of  the  concrete 
too  wall.  Without  information  such  as  soli  st rat  igrnphv ,  strength  para¬ 
meters  of  the  insitu  soil  or  knowledge  of  the  phreatic  surface  within 
the  dam,  the  stability  of  the  dam  cannot  be  determined. 

6.3  Evaluation:  The  geometry  of  the  downstream  slope  is  relatively 
steep  for  an  embankment  constructed  with  a  sand-clay  material.  Without 
information  such  as  soil  profiles,  strength  parameters  of  the  insitu  soil 
or  knowledge  of  the  phreatic  surface  within  the  dam,  the  stability  of  the 
dam  cannot  be  determined.  Therefore  it  is  i scommended  that  further  sta- 
bilitv  analyses  of  the  dam  he  developed.  The  cracks  in  the  spillway  and 
the  settlement  of  the  concrete  slab  do  not  need  immediate  remedial  me a 
sun's;  however;  tliev  should  he  monitored  during  periodic  Inspect  lint. 
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ASSESSMENT  AND  REMEDIAL  MEASURER /RECOMMENCATIONS 

7.1  Dam  Assessment :  The  available  design  data  Is  Inadequate.  The 
visual  Inspection  revealed  no  findings  that  proved  to  be  unsound  during 
normal  pool  operations.  However,  there  Is  no  regular  maintenance  pro¬ 
gram  which  has  sllowed  the  dam  to  be  overgrown  with  heave  vegetation.  A 
2-3  inch  settlement  of  the  concrete  slab  on  the  upstream  face  of  the  dam 
adjacent  to  the  right  endwall  of  the  spillway  and  hairline  cracks  in  the 
spillway  were  observed.  Due  to  lack  of  data,  the  stability  of  the  dam 
is  an  unknown  and  therefore  questionable. 

Corps  guidelines  indicate  the  appropriate  Spillway  Design  Flood  (SDF) 
for  an  intermediate  size  and  high  hazard  dam  is  PMF .  The  spillwav  will 
pass  26%  of  the  PMF.  The  SDF  will  overtop  the  dam  by  a  maximum  of  3 
feet  with  a  critical  velocity  of  7.9  f.p.s.  and  remain  above  the  top  of 
the  dam  about  17  hours.  The  spillwav  is  therefore  adjudged  as  seriously 
inadequate  and  the  dam  is  assessed  as  unsafe-non-emergency. 

The  classification  of  "unsafe"  applied  to  a  dam  because  of  a  seriously 
inadequate  spillway  is  not  meant  to  connote  the  same  degree  of  emer¬ 
gency  as  would  be  associated  with  an  "unsafe"  classification  applied 
for  a  structural  deficiency.  It  does  mean,  however,  that  based  on  an 
initial  screening,  and  prel iminarv  computations,  there  appears  to  be 
serious  deficiency  in  spillway  capacity  so  that  if  a  severe  storm  were 
to  enure,  overtopping  and  failure  of  the  dam  would  take  place,  signifi¬ 
cantly  increasing  the  hazard  to  loss  of  life  downstream  from  the  dam. 

7.2  Recommended  Remedial  Measures: 


It  is  recommended  that  within  two  months  from  the  date  of  notification 
to  the  Governor  of  the  Commonwealth  of  Virginia,  the  owner  engage  the 
services  of  a  professional  consultant  to: 

a.  Determine  by  more  sophisticated  methods  and  procedures  the 
adequacy  of  the  dptllwav.  The  Hfudy  should  include  a  more 
detailed  study  of  the  downstream  flood  plain  and  of  the  Spill¬ 
way  Design  Flood  appropriate  to  this  dam.  Remedial  measures 
to  be  considered  include  modification  to  the  dam,  spillwav, 
flood  plain,  and/or  anv  other  method  of  eliminating  the  dan¬ 
ger  imposed  by  the  project. 

b.  Determine  whether  the  stability  conditions  and  the  safety 
margins  satisfy  the  requirements  and  guidelines  given  in 
Reference  1,  Appendix  VI. 


Within  six  months  of  the  notification  to  the  Governor,  the  professional 
consultants  report  of  appropriate  remedial  mitigating  measures  should 
have  been  completed  and  the  owner  should  have  an  agreement  with  the 
Commonwealth  of  Virginia  to  a  reasonable  time  frame  in  which  all  reme¬ 
dial  measures  will  be  complete.  In  the  interim,  a  detailed  emergency 
operation  plan  and  warning  system  should  be  promptly  developed.  Also, 
during  periods  of  unusually  heavy  precipitation,  around-the-clock  sur- 
viellance  should  be  provided. 

The  following  repair  items  should  be  completed  as  part  of  the  annual 
maintenance  of  the  dam: 

a)  All  the  heavy  vegetation,  brush,  and  root  systems  should  be 
removed  from  the  dam  embankment.  All  subsequent  holes  should 
be  dressed  with  compacted  fill  and  seeded. 

b)  The  settlement  of  the  concrete  slab  and  the  cracks  in  the  spill¬ 
way  should  be  monitored  during  the  anjiual  inspections. 

c)  An  annual  maintenance  and  inspection  program  should  be  initia¬ 
ted  to  help  detect  and  control  problems  that  may  occur. 
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PHOTOGRAPH  NO.  2 
Upstream  Face  of  Dam 
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City  of  Norfolk 

Utiroima 
December  11,  19  41 


Hr*  IT*  H.  Taylor,  III 
Director  of  Public  Works 


Door  Sin 


Ths  tabulated  Hat  below  represents  the  raaults  of  Analysis 
of  several  sample*  of  water  takan  by  Ur.  N.  Z.  Boll  and  I  or.  rec«nh*r 
10,  1941  and  analyzed  in  our  laboratories  on  the  same  data.  The  re¬ 
sults  are  chloride  content  in  parts  per  nillion: 

No.  1  -  Sample  from  Chowan  River,  Tfinton,  North  Carolina  302.2  ppm 


No.  2 
No.  3 
No.  i» 
No.  5 


n 

M 

11 

n 


"  Ueherln  •  ,  Murfreesboro,  North  Carolina 

"  ,  The  Nottaway  River,  Rridge  on  Route  £258 
"  The  Black  Niter  River,  Franklin,  Virginia 
"  «  "  "  ",  Burdette,  " 


5.2  ppm 
78.0  ppm 
26.0  ppm 
7.0  pjm 


fi7he  sample  taken  from  the  Black  T.*ter  River  at  Franklin  Vir¬ 
ginia  showed  definite  industrial  pollution  presumably  from  the  Cheaapeake- 
Camp  Paper  Company.  This  pollution  exists  to  such  an  extent  that  the 
Chesapeake-Cnnp  Company  find  it  necessary  to  transport  water  from  the 
-  Not tawny  River  for  use  in  their  boilers.  The  river  water  at  this  point 
showed  a  decided  greenish-brown  color  and  had  a  very  definite  sulphite 
odor.  No  evidence  of  this  pollution  was  found  in  the  sample  taken  at 
Burdetts,  Virginia. 


Very  truly  yours 
DIVISION  OF  WATER  SUPPLY 


December  15,  1941 


Ur*  Walter  H.  Taylor,  111 
Director  of  Public  Works 

Dear  Sir! 


With  reference  to  the  attached  letter  f’om  Hr.  R.  W* 
Fitzgerald  giving  you  the  chloride  content  of  water  3«’inplo:i 
taken  from  the  Chowan,  Ucherrin,  Nottoway  and  Blackwatcr  River3, 

I  wish  to  say  that  these  indicate  that  a  large  supply  of  potable 
water  could  bo  pumped  from  tho  blackwater,  except  for  the  pollu¬ 
tion  at  Franklin.  It  Might-  be  possible  to  utilize  the  natural 
flow  of  the  V.eherrin  and  Nottoway  Rivers  also  if  some  form  of 
collapsing,  submerged  weir  could  be  built  below  the  confluence 
to  prevent  salt  water  backing  upstream  from  tho  Chowan. 

However,  the  water  at  the  highway  bridge  in  Franklin* 
which  is  a  snort  distance  up  stream  from  the  paper  mill,  ws 
practically  black,  with  a  stroru  odor  of  sulphite  waste.  T'nia 
would  indiento  a  very  low  flow  in  the  river;  an  i  surface  obs  erva¬ 
tion  did  not  indicate  any  I  Low  there  or  (it  biudolte.  Thus  it 
appears  that  tho  stream  would  b  almost  useless  at  times  such  no 
the  pronent.  drought,  unless  t.hr  pollution  at  Franklin  war  n to, .pod, 
or  storage  provided  by  buildin,  a  dan  at  some  point  above  Franklin* 

If  a  dan  wore  constructed  just  north  of  Zuni  t.nore  would 
be  no  inudation  of  the  Norfolk  and  ’.Tcstorn  Railway  or  State 
Highway  Ho*  460*  The  flooded  area  would  bo  very  largely  in  waste 
area,  which  can  probably  be  pure  houed  at  a  low  price. 

At  tho  site  oiu.  milt  north  o  Zuni  tho  urainatt  urea 
is  a^proccl  tatcly  4j0  su.  r.ilce;  and  a  reservoir  of  any  cep.  city 
up  to  40  billion  , rollons  could  !m  created,  depending  on  the  hol.ht 

of  the  dan. 

If  the  flow  lino  is  mode  at  elevation  >J,  ..no  to,  of  dnm 
elevation  40,  the  d  im  would  bt  some  40h0f  Ion,;  am’  t,h<-  utornge 
would  bo  5370  UQ  or  12.5  UQ  jicr  oq.mlle  of  drainage  area. 

ex 

By  tnkin  tho  yield-curve  and  into  poluting  to  produce 
a  curve  for  2%  water  surface,  it  appears  that,  to  obtain  a  yield 
of  50  UGD  or  llt.,000  gals,  daily  p  r  aq.  mile,  the  storage  should 
be  22  UG  j>cr  3q.  mile  or  94^0  ’ID  total.  Thin  would  require  that 
water  be  stored  to  elevation  34  more  or  less. 

The  flooded  area  at  elevation  30  would  be  3*63  sq.  mile 
or  2300  acres,  and  at  elevation  34  maybe  5000  acres.  This  ought 
to  cost  not  carer  925*  per  acre.  Thu  dam  would  be  little  if  any 


)HTLANI>  CRMRNT  ASSOCIATION 
iNTRII-OpriCI  COftRIWPONDltNCX 


Southeastern  Okkicb 
January  2,  1942 


Our  IV.  10-6 


AIS-EAIit 


Mr.  C.  0.  Haines 
616  Westover  Avenue 
Norfolk,  Virginia 


In  checking  over  the  design  computations  and  sketches 
for  the  Burnt  Mills  dam,  it  strikes  me  that  the  structure  Is 
not  stable  against  sliding  forces.  Although  the  calculations 
indicate  ample  security  against  sliding,  T  question  if  they 
are  made  on  proper  assumptions.  In  addition,  the  item  of  up¬ 
lift  does  not  seem  to  have  been  taken  into  consideration  and 
such  forces  may  exist  in  considerable  degree. 

*  Before  going  into  detail  with  my  remarks,  it  should 

be  stated  tliut  the  design  of  dams  presents  many  individual 
problems  and  on  many  questions  a  good  deal  of  study  and  per- 
aonal  observation  on  the  part  of  an  expert  is  essential  before 
a  reasonably  sure  answer  can  be  given.  I  am  not  an  expert  on 
this  subject  and  my  opinions  may  be  highly  debatable.  There¬ 
fore,  I  am  going  to  briefly  outline  my  reactions  for  what  they 
may  be  worth,  with  the  thought  that  further  study  may  be  desir 
able  by  the  designer  on  the  items  questioned. 


The  use  of  daps,  or  keys,  on  the  undorsido  of  the 
abutment  footings  and  floor  is  utilized  in  the  design  to  build 
up  sliding  resistance.  I  doubt  that  it  is  safe  t,o  rely  on  sue 
a  method.  I  know  many  engineers  would  not  allow  any  value  to 
these  shallow  daps  because  tho  dirt  is  apt  to  shear  and  push 
out.  If  they  were  in  rock,  it  v/ould  be  a  different  matter,  or 
if  the  dam  base  were  set  deep  into  the  ground  with  a  key  wall 
at  the  heel,  perhaps  some  allowance  could  be  given  to  the  key 
wall.  Of  course,  thero  is  no  argument,  that  under  many  condi¬ 
tions  these  daps  would  build  up  much  resistance,  but  the  dan¬ 
ger  lies  In  the  one  time  they  may  offer  11  t.tlo  help,  such  as 
whon  tho  ground  becomes  sutur.  tod  and  weak. 

■\\  ’ 

I  also  question  the  wisdom  of  crediting , floor  between 
abutments  ns  having  y  value  in  resisting  sliding.  As  n 

matter  of  fact,  it  may  he  morn  of  a  hindrnneo  than  a  help. 

For  instance,  if  the  ground  below  becomes  saturated,  which  no 
doubt  it  t/ili  at  times,  then  the  uplift  pressure  is  apt  to 
excood  the  dead  weight  of  the  floor  itself,  in  which  case  a 
nogntivo  result  would  be  obtained  and  the  floor  would  art,  as 
a  boat  and  tend  to  lift  the  structure.  A  floor  way  be  useful 
an  a  pavement  to  resist  ncour,  but  frequent  weep  holer,  for 


•aoopo  of  ground  water  should  be  provided.  I  would  profor 


Portland  Ckmknt  Ahwoci  avion 


Ur.  C.  0.  Haines  2.  January  2,  1942 


Thus,  eliminating  the  daps  and  the  floor  from  con¬ 
sideration,  it  would  be  necessary  to  increase  considerably 
the  weight  of  the  abutments  to  provide  sufficient  horizontal 
resistance. 

In  tho  calculations  for  7/ator  pressure  against  the 
dam,  the  pressure  on  the  dam  is  calculated  dov;n  to  a  depth  of 
24j  ft.  below  high  water  level.  I  think  this  should  be 
down  to  27  ft.,  the  actual  bottom  of  the  dam,  which  would 
make  the  unit  pressure  at  the  bottom  1,685  lb.  and  the  total 
pressure  approximately  21,800  lb.  per  foot  of  dam.  This 
would  increase  the  reaction  at  the  abutments  to  about 
1,210,000  lb. 

In  order  to  resist  sliding,  it  is  customary  to  re¬ 
quire  thut  oufficient  resisting  capacity  bo  developed  by  fric¬ 
tional  resistance  alone.  On  earth,  a  factor  of  safoty  of  2 j 
to  3  is  usually  required. 

Assuming  the  coefficient  of  friction  of  .33  is  cor¬ 
rect  and  a  factor  of  safety  of  2^  is  required,  then  tho  co¬ 
efficient  of  friction  to  be  used  in  calculations  would  bo  .  1 ? 

'i  r 

or  .13*  This  is  low,  as  may  be  expected  for  clay  foundations, 
and  it  means  considerable  weLght  must  be  developed  in  the  abut 
meats,  ranny  times  more  than  now  provided. 

Regarding  uplift,  this  force  nt  the  Iicol  of  tho  dam 
may  equal  tho  unit  muter  pressure  nt  tho  bottom  of  tho  dnm, 
and  perhaps  a  good  percentage  of  this  amount  at  the  too  of 
the  dam.  All  of  this  would  depend  on  tho  nature  of  the  ground 
material  on  which  the  dnm  sots.  Somcono  with  good  nxpcrlonco 
and  Judgmant  on  this  matter  should  he  consulted.  The  uplirt 
forces  would  have  to  be  subtracted  from  the  weight  of  the 
structure  when  calculating  frictional  resistance  against  slid¬ 
ing.  In  other  words,  resistance  to  sliding  must  equal 
(W  -  uplift)  x  Ooeff.  of  friction,  whore  U  -  total  weight  of 
structure  and  uplift  equals  total  of  forces  acting  upward  on 
dnm  and  abutment. 

The  intensity  of  uplift  may  sometimes  be  lessened 
by  providing  a  key  wall  at  the  hoel  of  dam,  making  a  longer 
path  through  which  ground  wc ter  must  percolate  and  decreasing 
its  pressure  head  by  friction.  AI30  such  a  key,  if  deep  In 
the  ground,  may  be  assumed  to  offer  some  resistance  to  sliding 
by  direct  prossure  against  the  ground.  Again  I  think  it  would 
be  wise  to  consult  some  better  authority  on  those  latter  ques¬ 
tions,  particularly  how  much  value  may  be  allowed  to  such  fac¬ 
tors. 


l*ORTI,ANl>  Ckmknt  Association 


Mr.  C.  0.  3.  January  2,  1942 


I  am  returning  the  calculation  shoots  as  requested. 
Rote  some  remarks  I  huve  made  on  them  in  blue  pencil. 


D.L.C .*LR 
Enclosures 


\  ’ 

D.  L.  CHAREY 


Copy  sent  J.  E.  Dunn 


Jumiory  2?,  19 42. 


Ur*  D*  L*  Chancy, 

Portland  Cencnt  Association, 

Atlanta,  Georgia, 

Dear  Cirl 

Your  lettor  of  January  2nd  addroa3od  to  Hr.  0.  Ha:nou, 
regarding  tho  proposod  spillway  for  our  IMmt  Mills  Dun,  was  handed 
to  raa  at  that  tine  by  Ur.  Haines,  but  I  regret  to  say  that  'moro 
pressing  buolnosn  pushed  this  ivittor  omtlrol y  off  the  boards  nti.1 
now* 


Ah  to  your  deductions  regarding  thin  pro.  o.ced  spill  way, 
while  I  cannot  agroo  with  all  of  them,  I  an  confident  th  t  you 
would’ liny o  thought  differently  if  wo  lu.d  sent  y  >u  moro  complete 
information. 


A3  to  on turn ti on  of  the  material  under  the  spillway, 
the  first  re^iislto  for  building  a  dan  is  that  there  .shall  be  ro 
littlo  as  possible  of  any  oucit  saturation.  Conploto  saturation, 
ouch  as  you  envisage  might  float  tho  floor  on  tho  down  at  roan  side 
of  tho  opillway,  vavild  lx?  fatal  to  the  dam  as  a  whole.  It  is  our 
intention  to  ut  either  stool  shoot  piling  or  a  concrete  cut-off  wall 
at  tho  too  of  tho  slope  of  the  embanki.unt,  and  would  U’  coat  need 
'inder  tho  fr  uit  odgo  of  the  npillwuy  weir.  I  think  your  suggestion 
of  o  key  wall  at  the  hcol  of  tho  dam  (in  additi'  n  to  the  stool  shoot 
piling)  io  good,  no  it  'would  incroaae  a  tor  tightness,  and  by  adding 
proper  reinforcing  It  would  certainly  resist  tho  water  pro:  sure 
tending  to  produeo  sliding* 

l'lirthcmoro,  I  bollevo  you  are  not  informed  th.  t  tho 
mntorial  on  which  thin  otructurc  io  proposed  to  lx?  placed  ia  some¬ 
thing  wo  c  nridor  to  be;  lx?ttcr  t.finn  ordinary  cl.  y.  It  io  called 
M!4ari",  but  I  think  it  is  actually  nothing  l/ut  ocean  raid  which  lino 
boon  compacted*  It  contains  nlJt,  sand  .an  I  .some  sh<  ll.u;  bet  it  i« 
no  c«"'.pnet  tlmt  w..tur  h:;o  lx-on  runnin..  ov<  r  IL,  h'loi  the  Mato  gates 
of  nn  ol«t  dan  upstream  from  our  now  dm:  site,  for  twenty  (f  >)  ye.  rs 
to  our  bno  dod/ro  without  r  tK.r>  ntly  bavin;  eroded  . /iy  noticeable 
mount*  At  tho  site  of  tho  pro  o:iod  spill  ./ay  wo  have  m..dn  lorln^t? 
wi i±cf i  indicate  that  t!;ln  struct  >ro  can  Ixi  built  on  the  canc  kind  of 
rontori  1*  In  f  ct,  thin  n  torial  socris  to  underlie  nearly  all  that 
region* 


Ur*  D.  L*  Chaney* 


January  27,  19',;  , 


>lo  bollovo  tills  material  to  be  almost  absolutely  b lporvioun 
In  its  natlvo  state,  and  that  this  'quality  makes  it  unnoconc’.r  to 
consider  the  saturation  under  the  oplllviay.  also,  Lho  material,  io  vory 
firm,  and,  therefore,  wo  tjclicve  that  ho  daps  or  keyo  on  the  under 
sido  of  the  floor  rod  tho  abut.vnt  foot  in,  ;y  would  offer  a  Vi  ry  con¬ 
siderable  roniatroco  against  sliding,  Perhaps  v.o  wore  too  o.^timiotic 
in  our  calculations  of  tho  resistance  Inst  sliding,  but  ;;»»  arc 
confronted  with  tho  problem  of  •  Ithor  building  the  apillw.iy  with  the 
foundi  1  tii .n  at  tho  depth  indie;. tod  in  order  to  ,,ot  it  un  this  so  call  d 
"Marl"  or  to  build  it  at  a  less  depth  with  tho  foundation  ■  n  ordinary 
eund  clay  soil* 

Aa  a  further  indication  of  tho  firmness  of  this  "Marl",  I 
Ylah  to  say  that  wo  made  a  load  test  on  an  area  2  foot  square,  rod  a 
load  Of  16  tons  produced  no  raeaourablo  settlement  after  tho  initial 
sottlomont,  which  occurred  when  ,0  bejf.11  to  apply  the  lo.it. 

It  is  our  plan  to  build  the  real-- circular  spillway,  tho 
floor  within  it  rod  porlwpo  $0  foot  down  stream,  ;nd  the  crotiguous 
portlnn  of  tho  sidewalls  as  0  nonolitht  as  fo w  constriction  joints 
us  j>oasiblo  end  no  expansion  Joints,  Our  pros',  nt  Lake  i'rinco  ia 
wider,  without  expcnoii  n  joints,  and  has  <lvon  no  tro  iblo  on  that 
account.  If  built  in  this  way,  io  ctill  fool  tint  the  keys  un  '.nr  the 
floor  would  creato  much  resist  nco  to  sliding,  at  least  up  to  the 
shearing  resistance  of  tho  Marl* 

As  a  furthor  precaution  against  uplift  under  tho  slab, 
wo  intend  to  install  porous  drain  tile,  with  U tie La  downstro.Ji,  to 
reiaovo  any  cocpngo  which  might  ,  os3ibly  got  under  tho  cut-off  wall* 

If  you  can  spare  tho  time  to  think  thin  matter  over  roy 
furthor,  vie  will  bo  vory  glad  io  have  your  further  comment* 

Yours  vory  truly. 


'  Nonaro  7.  flail. 

Principal  Assistant  Engineer, 


HZBiP 


Engineer  shall  mean  the  person  appointed  by  the  City  to 
have  engineering  charge  of  the  work  herein  contemplated, 
or  any  other  engineer  whom  he  may  from  time  to  time  des¬ 
ignate  to  act  in  his  place  or  stead,  either  directly  or  acting 
through  properly  authorized  agents,  such  agents  function¬ 
ing  severally  within  the  scope  of  the  particular  duties  en¬ 
trusted  to  them. 

Contractor  shall  mean  the  party  of  the  first  part  above  des¬ 
ignated  entering  into  this  contract  for  the  performance  of 
the  work  required  by  it,  and  the  legal  representative  of  said 
party,  or  the  agent  appointed  to  act  for  said  party  in  the  per¬ 
formance  of  the  work. 

Reservoir  shall  mean  the  reservoir  to  be  formed  by  the  con¬ 
struction  of  the  dam  herein  contemplated. 

I)am,  whenever  used  without  qualifications,  shall  mean  the 
proposed  dam  contemplated  herein. 

Directed,  Required,  Permitted,  Ordered,  Designated,  Pre¬ 
scribed,  or  words  of  like  import,  wherever  used  in  the  speci¬ 
fications  or  upon  the  drawings,  shall  be  understood  as  the 
direction,  requirement,  permission,  order,  designation  or 
prescription  of  the  Engineer,  and  similarly  the  words  Ap¬ 
proved,  Acceptable,  Satisfactory,  or  words  of  like  import, 
shall  mean  approved  by,  or  acceptable  or  satisfactory  to, 
the  Engineer,  subject  in  each  case  to  the  filial  determina¬ 
tion  of  the  City,  unless  otherwise  expressly  stated. 

LOCATION  AND  GENERAL  DESCRIPTION 
Location: 

4.  The  sites  of  the  works  contemplated  hereunder  arc  indi¬ 
cated  on  Drawing  No.  A-0.  The  dam  is  located  in  the  valley  of 
Exchange  Creek,  a  tributary  of  the  Western  1 1  ranch  of  the 
Nansemoitd  River,  about  one  mile  east  of  Ellis’  Wharf,  and 
nlmut  six  miles  northwesterly  from  the  City  of  Suffolk,  in  the 
County  of  Nnnsemond,  State  of  Virginia;  the  pump  house  is 
located  just  below  the  dam;  and  the  road  diversions  are  located 
in  or  near  the  area  to  be  flooded  by  the  dam ;  the  exact  locations 
to  be  more  accurately  fixed  by  stakes  to  be  set  by  the  Engineer 
on  the  ground. 
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General  Description : 

5.  The  works  hereunder  shall  consist  of  an  earth  dam,  a 
concrete  spillway,  an  intake  tower  with  outlet  pipes  under  the 
dam,  a  pump  house,  a  wharf,  county  road  diversions,  and  appur¬ 
tenances.  The  dam  proper  shall  consist  of  an  earthern  embank¬ 
ment,  approximately  thirty  feet  in  height  above  the  marsh  sur¬ 
face  in  the  creek  valley.  It  shall  have  a  top  width  of  fourteen  feet 
and  upstream  and  downstream  slopes  of  one  vertical  to  two  and 
one-half  horizontal.  It  shall  have  a  c  '-off  wall  along  the  toe  of  its 
upstream  slope,  this  cut-olT  wall  being  of  steel  piling  with  a  con¬ 
crete  facing  for  that  portion  of  the  length  of  the  dam  overlying 
the  marsh,  and  being  of  concrete  for  the  remainder  of  the  length 
of  the  dam.  The  intake  tower  will  be  located  above  the  dam  on 
solid  ground  on  the  Northeast  shore  of  the  stream.  From  this 
tower  two  lines  of  cast  iron  pipe  shall  be  laid  under  the  dam  to 
and  beyond  the  pump  house.  Suction  and  discharge  pipes  shall 
also  be  laid  in  pump  house,  with  discharge  pipe  connections  ex¬ 
tending  through  the  wall  to  the  main  supply  line.  The  pump 
house  shall  be  located  below  the  dam  on  solid  ground  on  the 


northeast  shore  of  stream.  The  wharf  will  be  on  the  same  shore, 
just  below  pump  house.  The  road  diversion  work  consists  of  the 
elevation  or  diversion  of  roads  across  the  reservoir  site,  and  the 
erection  of  bridges  across  the  water  ways  on  the  following  roads: 


“Phillips  Hoad, . J'wo  llridges  lioad,” 


“Throe  llridges’’  and  "The 


Ford,"  all  of  which  loads  are  County  Highways.  Also  one  pile 


trestle  across  the  reservoir  on  the  Oliver  Land  Tract. 


ELEVATIONS 

6.  All  elevations  shown  on  the  plans  or  mentioned  in  these 
specifications  arc  elevations  in  feet  or  decimals  thereof  above  or 
below  approximate  mean  high  water,  the  reference  bench  mark 
for  which  shall  be  furnished  by  the  Engineer  on  the  ground. 


TEST  BORINGS 

7.  The  City  has  made  a  number  of  test  borings  to  deter¬ 
mine  the  character  and  depth  of  the  various  strata  of  soil  under¬ 
lying  the  site  of  the  dam,  and  the  location  and  depth  of  these 
borings,  as  well  as  the  information  obtained  by  them,  are  ap¬ 
proximately  indicated  on  the  profile  on  Drawing  No.  A-l  at- 
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tached  hereto,  the  approximate  thickness  of  the  mud  and  sand 
being  also  indicated  on  Section  at  Station  14,  and  on  the  cross 
section  of  the  temporary  channel  on  the  same  drawing. 

8.  The  information  obtained  by  these  borings  is  the  best 
information  in  the  possession  of  the  City  on  the  subject  of  the 
underlying  soil,  and  it  is  furnished  to  the  Contractor  in  all  good 
faith ;  but  it  is  expressly  stipulated  and  mutually  agreed  that 
neither  the  City  nor  any  of  its  agents  guarantees  the  accuracy 
of  said  information,  and  that  any  use  that  the  Contractor  may 
make  of  uny  of  said  information  shall  be  made  entirely  at  his 
own  risk,  and  that  neither  the  City  nor  any  of  its  agents  shall 
be  held  responsible  for  any  errors  or  omissions  in  said  informa¬ 
tion. 


ITEMS  TO  BE  FURNISHED  BY  THE  CITY 

9.  The  City  shall  permit  the  Contractor  to  use,  for  the 
purposes  of  his  work  hereunder,  such  lands  and  rights-of-way 
ns  the  Engineer  may  deem  necessary  for  said  purposes.  The 
City  shall  deliver  to  the  Contractor  without  charge  on  the  wharf 
to  be  built  by  the  Contractor  hereunder,  all  of  the  following  ma¬ 
terials,  which  are  to  form  part  of  the  completed  work: 

Cast  Iron  Hub  and  Spigot  Pipe  with  special  castings 
for  same 

Cast  Iron  Flanged  pipe  and  fittings 

Manhole  Frames  and  Covers 

Gate  Valves  with  Extension  Stems  and  Post  Indicator 
Floor  Stands 

Check  Valves 

Sluice  Gates  with  Frames,  Extension  Stems  and  Bevel 
Gear  Floor  Stands 

Lead,  Yarn,  Bolts,  Clamps,  Nuts  and  Gaskets  for  the 
above  Piping 

The  City  shall  also  deliver,  as  above,  the  two  36-inch  blind 
flanges  for  temporary  use  in  testing  pipe  lines. 

10.  The  Contractor  shall  lie  responsible  for  all  of  said  ma¬ 
terials  nflcr  they  shall  have  once  been  delivered  as  above  speci- 


fled,  and  up  to  the  time  when  they  shall  have  been  finally  accepted 
as  part  of  the  completed  work,  and  he  shall  make  good  any  loss 
or  damage  in  said  materials  no  matter  whether  said  loss  or  dam¬ 
age  occurs  as  the  result  of  acts  or  negligence  on  the  part  of  him¬ 
self  or  his  agents  or  in  any  other  manner. 

11.  He  shall  carefully  inspect  all  of  said  materials  as  soon  as 
they  are  delivered  to  him,  and  shall  test  all  gate  valves  ami  sluice 
gates  to  see  whether  they  are  in  good  working  order  and  arc 
watertight  when  closed;  and  he  shall  promptly  report  to  the 
Engineer  any  defects  that  he  may  discover,  and  the  City  shall 
make  good  such  defects  so  reported.  If  any  defect  in  any  part 
of  said  material  is  thereafter  discovered,  before  the  final  accept¬ 
ance  of  the  work  contemplated  under  this  contract,  and  such  de¬ 
fect  shall  not  have  been  so  reported  by  him  at  the  time  of  the 
above  inspection  and  tests,  it  will  be  considered  that  said  part  of 
said  material  was  not  defective  when  delivered  to  the  Contrac¬ 
tor,  and  he  shall  be  held  responsible  for  said  defect,  and  shall  cor¬ 
rect  the  same,  and  shall  make  good  any  loss  or  damage  occa¬ 
sioned  thereby. 

MATKIUAI.K 

12.  All  materials  of  every  description  furnished  or  built 
into  the  work  by  the  Contractor  shall  be  first  class  in  every 
particular  and  in  full  accordance  with  the  following  specifications. 

Gravel  or  Broken  Stone: 

13.  Coarse  aggregate  for  concrete  shall  be  either  crushed 
stone  or  gravel.  The  Contractor  shall  furnish  samples  of  the 
stone  or  gravel  he  proposes  to  use,  a  sufficient  time  in  advance 
of  its  use  to  enable  the  Engineer  to  make  the  necessary  tests 
and  analyses,  and  all  such  stone  or  gravel  must  be  approved, 
both  as  regards  its  quality  and  the  proportion  which  it  shall  bear 
to  the  other  ingredients  of  the  concrete  mixture. 

14.  The  aggregate  shall  be  clean,  hard,  durable,  and  free 
from  all  matter  which  might  impair  the  strength  of  the  concrete 
in  which  it  is  to  be  used.  Aggregate  containing  soft,  flat  or 
elongated  particles  will  not  be  approved. 

15.  The  stone  or  gravel  to  be  used  in  the  concrete  shall 
contain  no  piece  of  stone  or  gravel  larger  than  will  pass  through 
a  screen  of  one-inch  mesh,  nor  smaller  than  will  be  retained  on  a 
screen  having  onc-quarlcr-inch  mesh,  except  that  in  the  con- 
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crete  of  the  cut-off  wall,  and  in  the  concrete  in  the  walla  in  front 
of  the  steel  sheet  piling,  stone  or  gravel  may  be  used  not  larger 
than  will  pass  through  a  screen  of  two-inch  mesh,  nor  smaller 
than  will  be  retained  on  a  screen  of  onc-quarler-inch  mesh. 

Sand : 

16.  Sand  shall  consist  of  hard,  durable  grains  and  shall  be 
free  from  soft,  decayed  or  friable  material.  It  shall  not  contain 
more  than  2%  by  weight  of  finely  divided  clay,  loam,  or  other 
suspended  matter  when  tested  by  washing  in  such  a  manner  as 
to  remove  all  such  material  without  removing  any  of  the  fine 
sand.  The  grains  shall  have  rough  unpolished  surfaces  and  shall 
be  well  graded  in  size  from  the  finest  to  the  coarsest.  Not  more 
than  8%  by  weight,  including  the  suspended  matter,  shall  pass 
the  No.  100  sieve,  and  not  more  than  GO'.'  the  No.  16  sieve.  The 
voids  in  the  dry  sand  when  well  shaken  shall  not  exceed  10',.' 
of  the  total  volume  of  the  sand.  Contractor  shall  furnish  sam¬ 
ples  of  the  sand  which  he  proposes  to  use  a  sufficient  time  in 
advance  of  its  use  to  enable  the  Engineer  to  make  the  necessary 
test  and  analyses,  and  all  such  sand  must  be  approved  before  it 
is  used  in  the  work. 

Cement ; 

17.  The  cement  used  throughout  the  work  shall  be  Ameri¬ 
can  Portland  Cement,  well  seasoned,  dry  and  free  from  lumps, 
and  of  a  brand  that  has  established  itself  for  three  years  or 
more,  and  that  has  been  used  with  satisfaction  for  that  length 
of  time,  under  climatic  and  other  conditions  similar  to  those  to 
which  the  work  herein  contemplated  will  be  subjected. 

18.  Cement  shall  conform  in  all  respects  to  the  Specifica¬ 
tions  for  Portland  Cement  adopted  by  the  American  Society  for 
Testing  Materials  in  IP  IK,  as  approved  by  the  American  Society 
of  Civil  Engineers  up  to  dale. 

1!).  The  Contractor  shall  provide  suitable  watertight  sheds 
for  the  storage  of  the  cement  and  shall  give  the  Engineer  facili¬ 
ties  for  taking  samples.  All  cement  shall  be  subject  to  rejection 
at  any  time  that  it  is  found  to  lie  defective. 

Steel: 

20.  The  steel  bars  used  to  reinforce  the  concrete  arc  shown 
on  the  plans  as  round  bars;  they  may  be  either  plain  or  deformed 
round  bars;  or  square  bars,  provided  that  in  case  of  the  use  of 
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square  bars  no  reduction  be  made  in  effective  area,  and  provided 
that  the  change  be  first  approved  by  the  Engineer.  The  minimum 
distance  between  bars  and  surface  of  concrete  shall  be  one  (1) 
inch.  All  bars  shall  conform  in  every  respect  to  the  Standard 
Specifications  for  either  Billet-Steel  of  Rail-Steel  Concrete  Rein- 
foi  •cement  Bars  adopted  August  2.r>,  1913,  and  revised  in  1911,  by 
the  American  Society  for  Testing  Materials. 

21.  Steel  shall  not  be  painted,  but  shall  be  thoroughly 
cleansed  of  dirt,  grease  or  scale  before  being  embedded  in  the 
concrete. 

22.  To  reduce  the  number  of  laps,  the  length  of  the  bars 
shall  be  as  great  as  may  be  economically  practicable.  No  welded 
steel  will  be  permitted. 

WORKMANSHIP 

23.  All  workmanship  of  every  description  supplied  under 
this  contract  shall  be  first  class  in  every  respect  and  in  full  ac¬ 
cordance  with  the  following  specifications. 

EXCAVATION 

Excavation  below  Elevation  0: 

24.  Before  depositing  in  place  any  material  which  will  ulti¬ 
mately  form  a  permanent  part  of  the  earth  embankment  the 
Contractor  shall  first  excavate  the  mud  from  beneath  a  portion 
of  the  width  of  the  embankment  down  to  the  top  of  the  under¬ 
lying  sand  strata  without  disturbing  said  stratum.  The  prism 
of  mud  thus  excavated  shall  extend  from  shore  to  shore  and 
shall  expose  the  top  of  the  sand  stratum  for  a  width  of  about 
100  feel,  the  angle  of  the  slope  of  the  mud  at  the  two  sides  of 
this  prism  being  the  actual  natural  angle  of  slope  assumed  by  I  he 
mud  after  the  base  of  the  prism  has  been  excavated  to  its  lull 
width  and  depth. 

25.  The  average  dimensions  of  this  prism  near  the  center 
of  the  dam  arc  indicated  approximately  on  the  Section  at  Station 
14  on  Drawing  No.  A-l,  but  the  City  iv  •  rves  the  right  to  alter 
its  dimensions  in  such  manner  as  the  Engineer  may  see  fit,  pro¬ 
vided  always  that  such  alterations  shall  not  affect  the  total 
yardage  involved  in  the  excavation,  by  more  than  thirty  per  cent. 

20.  The  Contractor  will  be  permitted  to  make  the  mud 
excavation  in  the  wet  if  he  shall  elect  to  do  so.  In  any  event,  he 
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shall  first  build  at  his  own  cost  and  expense  low  dykes  of  suffi¬ 
cient  height  to  retain  the  mud  removed  from  the  excavation, 
and  to  prevent  its  flowing  away  into  the  channel  of  the  stream ; 
and  he  shall  maintain  these  dykes  at  sufficient  height  by  raising 
them  from  time  to  time  as  the  mud  is  deposited  behind  them. 
These  dykes  shall  be  located  approximately  as  shown  on  Draw¬ 
ing  No.  A-l,  so  as  to  enclose  an  area  above  the  dam  and  another 
area  below  the  dam,  and  the  Contractor  shall  deposit  the  mud 
as  it  is  excavated  on  these  two  areas  as  directed. 

Excavation  above  Elevation  0: 

27.  The  surface  of  all  excavation  shall  be  cleared  of  all  trees 
including  stumps,  or  brush,  and,  wherever  directed,  the  top  soil 
shall  be  stripped  to  any  approved  depth  not  exceeding  one  foot; 
and  the  entire  surface  of  the  area  to  be  covered  by  embankment, 
with  the  exception  of  the  flat  marsh  area,  shall  be  cleared  of  all 
trees,  stumps,  or  brush,  and  a  layer  of  soil  to  a  depth  of  f>  inches 
shall  be  stripped  therefrom.  The  trees,  brush,  and  soil  removed 
ns  above  specified  shall  be  deposited  wherever  directed,  provided 
that  the  straight  line  distance  from  point  of  removal  to  point  of 
deposit  shall  not  exceed  300  feet.  The  volume  of  the  earth  ma¬ 
terial  so  removed  shall,  for  purposes  of  payment,  be  classed  as 
Excavation  above  Elevation  0. 

28.  The  material  excavated  for  the  embankment  and  for 
the  refilling  beneath  the  same  to  replace  the  excavated  mud,  and 
for  refilling  the  temporary  channel  to  be  hereinafter  described, 
shall  be  taken  from  such  places  as  the  Engineer  may  direct,  but 
not  more  than  four  hundred  feet  in  a  straight  line  from  the  near¬ 
est  point  of  the  embankment  or  channel,  respectively. 

20.  The  material  for  the  till  under  the  embankment  and 
the  larger  part  of  the  material  for  all  parts  of  the  embankment 
above  Elevation  0  and  cast  of  Station  12  shall  be  taken  from 
borrow  pits  east  of  the  stream,  the  remaining  material  for 
the  embankment  and  the  material  for  refilling  the  temporary 
channel  shall  he  taken  from  points  west  of  the  stream. 

30.  The  excavation  for  the  intake  tower,  pump  house,  and 
pipe  line,  shall  be  such  as  will  permit  the  installation  of  these 
structures  in  the  best,  safest  and  most  expeditious  manner,  and 
the  material  so  excavated  shall  be  deposited  wherever  directed 
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point  of  the  structure  for  the  installation  of  which  the  material 
was  excavated. 

31.  The  material  excavated  to  permit  the  construction  of 
the  cutofT  wall  shall  be  deposited  where  directed,  but  said  ma¬ 
terial  need  not  be  deposited  more  than  20  feet  in  a  straight  line 
from  said  wall.  The  material  excavated  to  permit  the  construc¬ 
tion  of  the  spillway  shall  be  deposited  where  directed,  but  not 
more  than  250  feet  in  a  straight  line  from  the  nearest  part  of 
the  spillway. 

32.  In  all  cases  the  material  specified  as  above  in  Articles 
27  to31,  inclusive,  shall  be  taken  from  points  involving  the  least 
haul  which  shall,  in  the  judgment  of  the  Engineer,  be  consistent 
with  the  selection  of  proper  material  or  with  the  safe  and  proper 
execution  of  the  work  in  other  respects. 

EMBANKMENT 

33.  No  material  shall  be  placed  in  the  embankment,  or  in 
the  re-fill  under  the  same,  or  in  the  re-fill  of  the  temporary 
channel,  unless  it  shall  have  been  first  approved. 

3d.  Unless  otherwise  directed,  the  soil  containing  the 
largest  proportion  of  sand  will  be  selected  for  the  re-fill  below 
Elevation  0,  the  remainder  of  the  embankment  being  constructed 
of  soils  having  less  sand  and  more  clay  in  their  makeup.  No 
soil  having  an  objectionable  amount  of  roots  or  other  vegetable 
matter  shall  be  used  for  any  permanent  part  of  the  embankment 
or  re-fills. 

35.  After  the  re-fill  under  the  embankment  shall  have 
boon  placed  to  the  satisfaction  of  the  Engineer,  the  Contractor 
shall  immediately  begin  to  spread  over  it  and  over  the  adjacent 
mud.  the  earth  selected  for  the  embankment,  this  earth  to  be 
spread  in  even  layers  of  such  thickness  that,  after  compacting 
ns  required,  they  shall  be  six  inches  thick. 

3(5.  The  placing  of  earth  in  the  embankment  shall  be  done 
in  such  manner  as  will  provide  at  all  times  the  maximum  drain¬ 
age  consistent  with  the  foregoing  specifications,  and  prevent  the 
formation  of  mud  or  of  puddles  of  water  which  might  impede 
tiafTic  across  the  surface  or  interfere  with  the  proper  compact- 
ng  >f  the  material. 

37  Unless  the  earth  is  sufficiently  moist  when  spread, 
iv  i  hoiilil  he  wet  so  as  to  facilitate  lilt;  desired  compact- 


ing,  and  if  required  at  any  time  the  top  of  the  embankment  shall 
be  wet  just  before  a  layer  of  earth  is  spread.  The  wetting 
shall  be  done  in  a  manner  which  will  avoid  the  formation  of 
pools  of  water,  and  will  secure  the  uniform  moistening  of  all 
portions  of  the  embankment. 

38.  Comparting  shall  be  accomplished  with  approved  rollers 
having  grooved,  handed  or  lugged  rolls.  The  rear  wheel  or  wheels 
of  the  roller  shall  be  of  such  width  and  diameter  and  shall  bear 
such  a  proportion  of  the  total  weight  of  the  roller  that  it  shall 
cause  a  calculated  average  pressure  on  the  bank  of  at  least  30 
pounds  per  square  inch  over  its  entire  bearing  surface.  The 
bearing  surface  considered  shall  be  the  width  of  the  roller  multi¬ 
plied  by  one-half  the  arc  bounding  a  segment  of  the  average 
outside  circumference  of  the  roll,  having  a  middle  ordinate  of 
one  inch.  The  roller  shall  pass  over  every  part  of  each  layer 
that  can  be  compacted  by  the  roller  as  many  times  as  may  l>o 
necessary  to  compact  it  thoroughly  unless  it  is  satisfactorily 
compacted  by  the  transportation  of  materials  or  by  other  means. 

39.  In  order  to  allow  for  shrinkage,  the  Contractor  shall 
build  the  embankment  to  such  elevation  as  may  be  directed 
but  not  more  than  12  feel  above  IOlevation  30  at  any  point. 

40.  When  the  embankment  has  been  so  built,  the  Con¬ 
tractor  shall  then  finish  its  top  and  slopes  to  smooth  plane  sur¬ 
faces,  the  upstream  slope  being  trimmed  to  prepare  it  to  receive 
the  reinforced  concrete  facing  to  be  placed  thereon  as  shown 
hy  the  plans. 

STKHAM  CONTROL 

41.  11  is  the  intention  to  complete  as  much  as  possible  of 
the  work  herein  contemplated  before  the  months  of  high  normal 
rainfall,  but  it  is  expressly  stipulated  and  agreed  that  the  Con¬ 
tractor  shall  take  all  the  responsibility  for  the  control  of  the 
normal  and  flood  flows  from  the  watershed  tributary  to  the  »\‘S- 
ervoir,  along  the  Hues  laid  down  in  these  specifications,  or  in  ac¬ 
cordance  with  plans  submitted  by  himself  and  approved,  and  that 
he  shall  indemnify  and  save  harmless  the  City,  its  officers  and 
agents,  from  all  damages  and  costs  which  may  result  from 
failure  to  provide  for  said  flows,  lie  shall  not  be  entitled  to  a 
second  payment  for  work  destroyed  or  damaged  by  Moods  and 
replaced,  nor  to  any  damages  due  fo  Mood.-;  passing  through  or 
over  the  partially  completed  wmk  or  construction  plant. 
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